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Abstract 

We have consideraci the multi-scalar and multi-tachyon hclds living on a 3d domain wall embedded in a 5d 
dimensionai Minkowski spacetime. The effective action for such a domain wall can be found by integrating 
out the norma! modes as vibrating modes around the domain wall solution of a truncated 5d supergravity 
action. The multi-scalar tachyon potential is good enough to modeling assisted inflation scenario with 
multi-tachyon fields. The tachyon condensation is also briefly addressed. 
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I. INTRODUCTION 



The superstring theory has in its non-perturbative spectrum objects such as BPS and non- 
BPS D-branes. A D-brane-anti-D-brane system and the non-BPS D-branes have tachyons in their 



spectrum described by open strings 



111 ]. The tachyon fields have shown to be involved in many 



scenarios with interesting physics such as inflationary cosmology and particle physics. Being the 
D-brane dynamics governed by a gauge theory, a non-BPS D-brane theory in addition has the 
tachyon field that plays the role of giving mass to other fields, a phenomenon that indeed under lies 
the Higgs mechanism. 

In string theory inflationary cosmology is hard to be implemented because it requires special 



compactifications to give rise to inflation 



12 



la ]. One can achieve this by considering a D3-brane- 



anti-D3-brane system in a warpped geometry (AdS space). The inflaton potential is related to 
the brane-anti-brane interaction. The potential found by embedding a brane-anti-brane system in 
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14(. On 



AdS space is flatter than the potential of a brane-anti-brane system in a fiat space 
the other hand, a system of N non-coincident non-BPS D3-branes can also implement inflation via 
multi-tachyon inflation [2]. As we shall show, using a similar setup to the latter case, we can also 



2JH23I. 



find sufficient fiat potentials — see also other recent alternatives using N D-branes 

In this paper we study a domain wall solution of the non-BPS sector of a five-dimensional super- 
gravity theory. We assume it can be found by suitable compactifications of type IIB supergravity. 
We look for tachyon modes in its non-BPS sector. As we shall see we can find non-BPS domain 
wall solutions where many tachyon fields can be found to live in their worldvolume. We integrate 
out ali the normal modes to find an effective action living in the domain wall worldvolume. This 
gives us localized scalar fields. There is one massive, one massless, and a tower of tachyonic scalar 
modes for suitable choice of parameters 



24 



251 ] . The effective action is similar to the action for 
the dynamics of N D3-branes at low energy with no charge. Each scalar mode in the action is then 
related to the location of a non-BPS D3-brane in the fiat five-dimensional bulk. 

We show that at thin wall limit the action for the non-BPS domain wall world-volume is 
equivalent to the action of N decoupled tachyon fields. This may be related to tachyons living on 
the action for the world-volume of a stack of N non-coincident non-BPS D3-branes. The D3-branes 
are far enough from each other such that tachyon modes from strings connecting distinct branes 
are absent. 

As we shall show, the tachyon potentials are flatter for larger tachyon masses. Silice ali the 
masses depend on the inverse of domain wall thickness, they become indeed large in the thin wall 
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limit. Thus, in our scenario one can find sufficient flat potentials that can give rise to sufficient 
inflation. 

The paper is organized as follows. In Sec. HJwe present the supergravity model and the domain 
wall solution and its fluctuation treating at first only three normal modes. In Sec. Hill we investigate 
the multi-scalar tachyon potential, where we address the issues of tachyon condensation and Sen's 
conjecture. One can show that the best result achieved is about 44.29% of the expected answer. 
In Sec. IIVI we extend the previous analysis to five scalar modes, where new tachyon fìelds appear. 
The action for multi-tachyon fìelds and tachyon kink solutions are considered. The cosmological 
implications are also considered. In Sec. [V] we address the issues of the gravitational field. The 
complete effective four-dimensional action is found by considering the gravitational field that is 
naturally present in the bulk supergravity action. In Sec. IVII we make our final comments. 



II. THE MODEL 



Let us consider the bosonic part of a five-dimensional supergravity theory obtained via com- 



pactification of a higher dimensionai supergravity, given in the general form 



26. 
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! l Csuara = ~ ~ R {5) + G AB d m <^d 



A ara ±B 



4 G 



AB cW(0) dW(<p) 



A 4) A Q^B 

where e = | det g m n\ 1 ^ 2 and Gab is the metric on the scalar target space. Rr 5 \ is the 5d Ricci scalar 
and I/M* is the five-dimensional Planck length. For the sake of simplicity, below we consider the 
limit M* S> 1 (with M* <C Mpi) where five-dimensional gravity is not coupled to the scalar field. 
In this limit the non-BPS 3d domain wall is embedded in a five-dimensional Minkowski space. In 
Sec. El we shall turn to the gravity field issues. In the present study we restrict the scalar manifold 
to two fìelds only, i.e., 4> A = (4>/V^,x/V^)- 

Our supersymmetric Lagrangian (pQ) can be now written in terms of two scalar fìelds, 



c = \d m 4>d m 4> + \d mX d m x - V{<j>, X ), 



(2) 



where V((j), x) = è f^^ì + è flS") > being W the superpotential. The theory is truncated up to 



2 \d<j> J ^ 2\d x J 

two scalar fìelds. This shows to be enough to give rise to a domain wall solution that can localize 
normal modes. The effective action for such modes is similar to the action of fìelds on a D3-brane 
world volume. 



A simple choice of the superpotential is given by 
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43] 



(3) 



such that the scalar potential developing a Zi x Z<i symmetry is 

V(<t>, X) = \\\<t? - a 2 ) 2 + (2^ 2 + A^V - \fia 2 x 2 + • (4) 

We shall determine later the effective action living on a non-BPS domain wall, where the conven- 
tional particles are modes of the bulk scalar fields. 



The scalar potential (J3D has the global minima (</> = ia,x = 0) and (</> = 0, x = àzaWX/fj,). 
Each two vacua are connected by topological defects. These connected vacua comprise different 
topological sectors that have their own energy given by the Bogomol'nyi energy Eb = |AW| 

(0 = ±a, X = O), E B = ^\\\a\ (5) 



0, X = ±a v / \V), E B = 0. (6) 
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43J, since its Bogomol'nyi energy is zero. 



Note that the sector (0) is of the non-BPS type 
Indeed, as we shall discuss later, this solution has a finite energy that can be properly found from 
the energy-momentum tensor. As one can be shown, the domain wall solutions coming from the 
BPS sector can localize fields and then another domain wall with smaller dimensions. However, 
we shall focus on the non-BPS sector, since multi-tachyon fields can also naturally be found. 



The equations of motion for the scalar fields <j> and x are 

g = 2A 2 (0 2 -a 2 )0 + 2/, 2 (2 + ^)^ 2 , (7) 



Pi = 2À/^ 2 - a 2 ) X + 4^ 2 x + 2/.V. (8) 



dx 2 

In the non-BPS sector (0 = 0, x 7^ 0) the equations of motion turn to 

d 2 X n 2 ( 2 Affl2 



dx 2 



V U X- (9) 



A solution to this differential equation is given by 



X = — ay — tanh(a\/~\[ix), = 0, (10) 

which we regard as the profile of a non-BPS 3d domain wall. 

Calculating the energy of this solution we find E h bps = tl-^l^y^J' This solution is stable as 
long as its energy is less than or equal to the energy of the BPS sector ((5J), Le, E n RPs < ■ This 
ensure the non-BPS domain wall does not decay into a pair of BPS defects [42| . We conclude that 



this solution is stable for — < 1 — See Ref. |6J for a similar discussion of a stable non-BPS D-string 
of type HA compactified on a orbifold. Thus, for this solution decay into other settings (e.g., walls 



inside wall 



431 ] ) is necessary that — > 1. The latter is the regime we are interested in and 



to which we shall turn our attention. This is the regime where tachyon modes take place. 
We consider the fluctuations around a general solution (0, x) i* 1 the form 

4>^~4> + ri e x ->■ % 

where rj describes the fluctuations of the field <f> and reads 

r}(t,x,y,z,w) = ^2Cn(t,y,z,w)ip n (x). 



(11) 



(12) 



Let us now expand the action around the solution (|10|). Consider the transformation (|11|> into 
the action as S(x, 4>) — > S(x-> <fr + rf) for the bosonic sector 



S = d 4 ydxC, 



(13) 



and expand around the solution to obtain 
S = 



d 4 ydx 



1 

2 V 



d 2 r] d 2 V 
dx 2 dò 2 T> ) 6 



ld 3 V 



The first two terms of the expansion are responsible for the energy of non-BPS solution or simply 



1 d A V 



(14) 



the domain wall tension 



T 



+00 



dx 



1 



+ V(<t>,x) 



E 



nBPS- 



(15) 



2 \dx / 

The fluctuations of the field 4> is governed by the quadratic 77 terms of (fT4"|) . They provide a 
Schroedinger-like equation for the fluctuations r] given as 



d 2 V d 2 V , r2 



(16) 



Now substituting Eq. (|12p into Eq. (|16p . developing the second derivative of potential and defining 
x = ay/XJIx, we obtain 



d 2 (fn(x) 

dx 1 



+ 



4 + 2- ) sech 2 (x) 
I- 1 



M 2 



a 2 Xfi ' 



(17) 



The equation (|17p is a solvable Schroedinger problem with a modified Pòschl-Teller potential, whose 
eigenvalues are 



E,, 



f 



1 

n H — 
2 



(18) 
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with 



n 



0,1,2,3,... < 



9 + \~ì 



(19) 



where E n 



M 2 

ri 

a 2 Xfi 



4 H ) and n is the number of bound states. 

fi < 



Assuming — > 1 and using Eq. (|19p we can determine the number of states present in our 



system for each interval of -. We present below the number of states for some intervals of 



A . 



A 

1< - < 4, 
A* 

4 < - < 8, 
A* 
A 

8 < - < 13, 
A* 



n 



n 



n 



0,1,2, 
0,1,2,3, 
= 0,1,2,3,4, 



(20) 
(21) 
(22) 



and so on. Note that the smallest number of bound states is three. Furthermore, for 2A//1 
sufficiently large the modes are predominantly tachyonic. This is the case where we have a large 
number of tachyon fields n < y2A/// whose heavier tachyon has mass = — 2/A 2 , being A ~ 1/Aa 
the domain wall thickness. This is similar to what happens in a stack of N non-coincident parallel 
non-BPS L>3-branes. We shall be back to this point later. 
We can write the equation (|17p in the form 

d 2 ip n (x) 



dx 2 



+ \t - £(£ + 1) sech z (x)}<f n {x) = u}fa n (x), 



where we have used the following relations 



(23) 



(24) 



M 



^ + {t- 4). 



(25) 
Q- The 



The Schroedinger problem (|23|) can be obtained by following the same method of Ref. 
eigenfunctions are given in terms of associated Legendre polynomials as £ is an integer. 

By following Eq. (|24p we note that the condition X//i > 1 is satisfied only for £ > 3. Thus for 
£ = 3 (i.e. - = 4) we have the equation 

d 2 ip n (x) 



dx 2 



+ [9 - 12 sedi 2 (x)] tp n {x) 



4M 2 



Solving this equation one can find the eigenfunctions and eigenvalues given by 

-5a 2 A 2 



ipo(x) 



15aA 
"32" 

TòaX 



-sech 



3aA 
~32 



tanh 



5 sech 



aX 
~~2~ 

aX 



x I sech 



a A 



aX 
4 sech 



MA 



M{ = 0, 



a A 



3a^A 



2 \2 



(26) 

(27) 
(28) 
(29) 
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being ali the functions now displayed in their originai variable x. 



Figure 1: The modihed Pòschl-Tellcr potcntial admitting three bound states. 

The potential in Eq. (|26p admits three bound states — see Fig. Q] — such that we can write the 
fluctuations rj(t, x, y, z) as 



r}(t,x,y,z,w) = £o(t,y,z,w)<p (x) +£ 1 (t,y,z,w)<p 1 (x) + &(t,y, z,w)ip 2 (x). 



(30) 



Substituting Eqs. (|27|) -([3U|) in Eq. (|14[) and integrating out in x, we obtain the effective action 
on the 3d x-domain wall, given by 



'e// 



ri 1 2 

J 1 n=0 



(31) 



where T = E nBPS = flAla 3 ^^. This is a theory of three real scalar fields living on a four- 
dimensional domain wall world-volume that we get from a theory living in five-dimensions as we 
integrate out in the extra spatial dimension. 



III. THE MULTI-SCALAR TACHYON POTENTIAL 



As we mentioned above we should integrate out ali the modes over the extra spatial coordinate 
x into the action (|14p in order to find the effective action of the living modes on the world-volume 
of the domain wall (|10p . The multi-scalar tachyon potential living on the world-volume reads 



dx 



1 / d 2 r) d 2 V 
'2 V {~dx 2+ ~dd? V 



ld 3 V 



1 d A V 



6 



-V 



24 



-V 



(32) 
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Now substituting Eqs. (|271) -(|30p into Eq. (|32p and integrating out in x, we obtain the effective 
multi-scalar tachyon potential 

- ^a\%& 2 + ^aX^UÌ + fatiti + ^aX^I 

- ^§ aX3 ^ l + 6 -w aX3 ^ 2 - (33) 

The coupling among the fields are controlied by the domain wall tension T ~ Aa 3 and the squared 
mass of the fields can be given in terms of the domain wall thickness A ~ 1/Xa. The tachyon 
in superstring theory coming from non-BPS D-branes has mass 2 = — \j1ol . By identifying this 
tachyon with ours given in the potential (|33|) we conclude that \fa! ~ A. One can use this thickness 
as a parameter to control the coupling among the fields. For instance, for sufficiently thin domain 
wall (Aa — > oo, Aa 3 — > fixed), the quadratic terms dominate over the coupling and self-coupling 
terms, such that the potential for TV" modes is approximately given by the sum of N independent 
potentials 

Veff(&,£i, = Vofa) + V 1 (&) + ... + V n (Cn), (34) 

with V n (^ n ) = ^M 2 ^ 2 ,, being M 2 given by the Schroedinger problem (|23|) . On the other hand, for 
sufficiently thick domain walls, the coupling among the fields take place and the squared masses 
change. Let us assume some values for the parameters of our theory to determine the masses of 
real scalar fields (£o> £1 e £2) as they interact. For A = 4 and a = 0.15 we find the following 
masses = 0.419666, m^ 2 = 0.639094 and m^ = 1.09152 by diagonalizing the matrix of squared 
masses. Note the "tachyon condensation" via the tachyon field £0 since it now has a positive mass. 

As a first approximation, we consider the multi-scalar tachyon potential at level zero where only 
the tachyon field £0 is present 

= -^tf + ||aA s tf. (35) 

In analogy with Sen's conjecture in string theory [j], Q] we can test the validity of the condition 
T + V(£*) = 0, at £ = £*, a regime where the non-BPS Dp-brane is indistinguishable from the 
vacuum with no D-brane. 

Let us investigate how much V(£*) approaches the tension T. At level zero the result is in- 
dependent of the parameters A, a. The nontrivial criticai points are £g = ± y^fgf in which the 

The domain wall tension is T = 

|vb(DI 



potential assumes the absolute value |Vq(£*)| = 7 i o»^ • domain wall tension is T = thus 



0.22559, (36) 



which corresponds to about 22.56% of the expected result. In the following we consider the next 
level. 

Adding the massless scalar field £1 to the tachyon potential ([35]) . we find that \Vo(£q,£1)\/T 
does not change. Now including the massive field £2 we obtain the multi-scalar tachyon potential 

~ ^X%e 2 + ^aX^2. (37) 

This potential has the nontrivial criticai points £q ~ ±4.3257, Q ~ =Fl. 13075, where |V(^o,^)| ~ 
22.43078 — we have assumed A = 0.5 and a = 4. Thus, at this level we find 

= 0.26286, (38) 

that corresponds to about 26.29% of the expected result. This make a little improvement of the 
result obtained at level zero. 



A. The fluctuations of the scalar fleld x 

Ali we have done until now can be easily repeated for the fluctuations of the field \- For the 
non-BPS domain wall, the Schroedinger-like equation for the fluctuations of the field %, £(2, y) = 
^ n ^f n (x)T n (x), decouples from the fluctuations of the field (j), r/(x,y), that we have previously 
consider ed, and reads 

- + [4 - 6sech 2 (x)]*„(x) = *»(*)■ (39) 

In this eigenvalue problem we find only two bound states with squared masses Mi = and 
Mi = 3A ^ q2 with eigenfunctions given by 



, 3Àa o/oÀ \ T . , 3Xa , /oA \ , ( aX 

^o(x) = \ —— sedr — x , *i(x) = \ — — tanh — x) sech — x . (40) 



^2 J 1 iV/ V4 V 2 / V 2 

The effective potential now has two more interacting scalar modes 

K//(£o,£i,ò,t ,ti) = K//(£o,£i,ò) + AK//, (41) 
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where the first part is precisely the potential in Eq. (|33|) and Aì4jj comprise the new modes tq 
and ri 




+ ^^/sAV^a 2 " ^VsOAVnroeiÒ - ^V / 15AVt 1 £ Ò + £ A 3 an 2 a 2 




Thus, the potential (j4"Tj) has the nontrivial criticai point £g ~ 5.6621, = 0, £2 — —3.6864, Tq = 
0, t* ~ -5.2661 such that 



This corresponds to about 44.29% of the expected result — again, we have assumed A = 0.5 and 
a = 4. This make a good improvement of the result obtained at level zero, but it is the best result 
one can achieve in this model. 

In the sense of achieving a better result we could attempt to take into account more fields from 
the u (j) - sector". However, as we shall see, the next modes developed in the present model are 
tachyon fields. Thus our non-BPS domain wall is pretty much like related to N non-BPS D-branes. 
In the next section these additional tachyon fields are considered. We shall mainly focus on the 
tachyon modes localized on the non-BPS domain wall. 

IV. MULTI- TACHYON FIELDS 

As we have earlier discussed we can choose the number of modes £ n by properly setting a value 
for — > 1. Furthermore, analyzing the Schroedinger problem for our model, we observe that as we 
increase ^ the potential deepens, such that we have a larger number of modes. These new modes 
will be necessarily tachyon modes, as depicted in Fig. [2j 

As an example, we now consider a theory with three tachyon modes. To obtain a potential that 
supports them we admit that - = 13 in equation (|17j) . This will make to appear five scalar modes. 
Thus for £ = 13 we have the Schroedinger problem 



= 0.44293. 



(43) 



2^ 




(44) 
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Solving this equation one can find the eigenfunctions given by 



tp {x) 
<p%(x) 



315aAV13 
3328 



315aAV13 
416 



sech 



sedi 



aAV13 



13 



aAV13 
13 



-x , 



x tanh 



aAV13 



13 



105aAV13 
3328 



9 sedi 



oAV13 
13 



x — 8 sech 



-x 



13 



35aAV13 
39936 



72 sech 



i 



oAV13 
13 



x tanh 



aAy_L3 
13 



, 2 / aÀ\/l3 \ , / a\Vl3 
-48 sech x tanh x 



13 



5aAV13 
19968 



(45) 



13 



, / aAV13 \ , » / aAV13 \ , * / aAV13 

48 sech [ „ x \ - 168 sech 3 [ „ x + 126 sech 5 ' - 



13 



13 



13 



Ali the functions are now displayed in their originai variable x. The eigenvalues are Mq = — yia 2 A 2 , 



Mf = — y|a 2 A 2 , M| = -^a 2 A 2 , M| = and M\ = ^a 2 X 2 , respectively. 



Figure 2: The modificd Pòschl-Tcller potential admitting Ave bound states. 

The potential in Eq. (ji"4"|) admits five bound states — see Fig. [2] — such that we can write the 
fluctuations rj(t,x,y, z,w) as 

r)(t, x, y, z, w) = £ (t, y, z, w)(p (x)+£i(t, y, z, w)(fi (x)+&{t, y, z, w)ip 2 (x) 

+ £3(t,y,z,w)tp 3 (x)+^(t,y,z : w)tp4(x). (46) 

As in the previous example, substituting Eqs. (f4"5]) - (j4"l)j) into Eq. (Q3J) and integrating out in x, 
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we obtain the effective action on the 3d x-domain wall, given by 

4 

S eff 



ri 1 4 

d 4 y -T--Y, dMd^n ~ Veffitn) 
L n=0 



(47) 



We find an action describing the dynamics of five scalar fields with a multi-scalar tachyon potential 
^e//(£oj ^1)^2)^3) £4)- Due to the existence of many tachyons, this action should be related to many 
non-BPS D-branes. 

As we have anticipated, for sufficiently large 2A//i, the modes are predominantly tachyon modes. 
Furthermore, in the thin domain wall limit, i.e., Xa — > 00, these fields are very weakly coupled such 
that the multi-tachyon potential can be written as in Eq. (|34|) . Thus, we can write the effective 
action (|47p for N tachyon fields in the form 

N 

S eff 



E/* 



n=0 



y 



1 



(48) 



where we have also identified the domain wall tension Trg\ = Tr s \i + T( 3 ) 2 + ••• + T^ N . To make 
contact with D-branes we should add higher derivatives and write this action in the DBIdike form 

N 

(49) 



S = - I d?yV n {T n )y/T+djr^T^. 

n.=Cr 



This can be achieved by redefining the fields £ n and the potentials V n (£ n ) as follows 



V n (T n 



Now substituting into Eq. (j4"8|) we find 



S, 



eff 



N 

E/a 

n=0 J 



-V n (T n ) - -V{T n )d a T n d a T n 



(50) 
(51) 



(52) 



Note this is the action (|49p expanded up to quadratic first derivative terms (low energy limit). 
Thus, in order to take into account ali the higher derivatives we should consider the action in the 
form (|49p . As we have earlier discussed, in the thin domain wall approximation we have quadratic 
potentials V n (£ n ) = — ^\M n \ 2 ^. By following the definitions ([50]) and (f5T|) . we find 



V n (T n ) = T {3)n 1 



sin(V2r n |M n |/2) 
IMJ 2 



(53) 



where £„(T n ) = (^2T {3)n /\M n \) sin (y/2 T n \M n \/2) , being M 2 the squared tachyon masses. These 
potentials are periodic with period 2{^/2/\M n \) arcsin (|M n |). Note that for heavier tachyons 
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(|M n | — > oo) the tachyon potentials become flatter (i.e., V n {T n ) ~ T^ n at small tachyon fields 
T n ) such that they can provide sufficient inflation. Indeed, in the thin wall limit, ali the tachyon 
masses are large since |mass 2 | ~ X 2 a 2 — > oo. For fiat potentials V n (T n ) (i.e., almost constants) 



the DBI 



ike action (f4T?|) returns us the Solutions T(y) oc y, such that we find the well-known kink 



solution [6(] 



£ n (y)~sin(>/2|M n |y/2). (54) 



A. Tachyon kinks 



We can also restrict ourselves to the study of a tachyon potential at level zero. Let us use 
the tachyon potential (|35p — see Fig. O Note that this tachyon potential is invariant under a 
Z2-symmetry. It supports a tachyon kink interpolating between the two minima of the potential, 
£g = iy^lgf • This kink is the profile of a BPS domain wall with a dimension smaller than the 
dimension of the non-BPS 3d domain wall. This is analogous to the case of a BPS D(p — l)-brane 
with tension T p _i that lives on a non-BPS Dp-brane with tension T p 0,0]. Thus, using the effective 
action living on the 3d domain wall (|47|) . we obtain the kink solution as the profile of a 2d domain 
wall with tension T2, i.e., 

£o = ±£ *tanh(2/), T 2 = ^*) 2 . (55) 



Figure 3: The tachyon potential at level zero. 



V. TURNING ON THE GRAVITATIONAL FIELD 

In the preliminaries sections, for the sake of simplicity, we adopted the fiat limit of the five- 
dimensional space and did not address the gravitational field that is naturally present in supergrav- 
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ity theories. Thus, sufficiently far from the fiat regime our four-dimensional effective action for the 
multi-tachyon fields we present above is incomplete. The complete effective four-dimensional action 
is found by considering the gravitational field that is naturally present in the bulk supergravity 
action and them integrate out the scalar modes and gravitational field. This complete action is 
cruciai to address cosmological issues in the four-dimension effective action for the multi-tachyon 
fields 19 -3] • 

Let us now write the bosonic part of a five-dimensional supergravity, through the Lagrangian 
(PQ), in the following form 



S 



j d i ydx^)'\ (~R {5) + Cj . (56) 



Here without any loss of generality we have set M* = 1. The Lagrangian C for the scalar fields is 
formally the same as in Eq. ([2]), but the potential is now given by 

-TTfi >. i (dw\ 2 i fdw\ 2 i 2 

The metric of the five-dimensional spacetime assumed to have a four-dimensional Poincaré invari- 
ance along the domain wall is given in the form 

ds 2 = e 2A{x) r 1 ^dx^dx u -dx 2 , fi, v = 0, 1, 2, 3. (58) 

Admitting that both A and scalar fiels <j), x depend only on the fifth coordinate x, then the equation 



26J43J] 



of motion for the scalar fields and the Einstein's equations read 

0" + 4A>' = ^, X " + 4A' X ' = ^, 

o<j> dx 

A" = -\<P> 2 - 2 -x' 2 , A' 2 = \^ + \ x ' 2 - (59) 

where prime means derivatives with respect to x. 

In the non-BPS sector <f> = and X ^ 0, the superpotential vanishes and so does the Bogomol'nyi 
energy as in our previous analysis. In this sector the Eqs. (|59p reduce to 

X" + 4A' X ' = 2^ (x 2 "^)x 

2/2 a/2 1/2 I.2/2 Aa 2x 



A " = - 3 X" ^-6^-6^K-^l ' (60) 



The non-BPS domain wall solution we have considered above stili satisfies the Eqs. (J60J) as long as 
we neglect the term 4A'<j>' — compare with Eq. (|5|). This is readily true in the thin wall limit we have 



earlier discussed. In this limit we can approach the kink solution to a step function x — vVa* 

14 



sgn(x), whose width A ~ goes to zero. This allows us to make use of the "identities" 



29. 



331 ]: x' — 2a/A//xo 5(x) and x' 2 — ^cró(x), where a = T( 3 ) is the domain wall tension. One 
should also add a negative cosmologica! Constant to the potential, i.e., V(0,x) ~^ V(O)X) — 3/L 2 , 



that it will be justified shortly. We have that A!<f>' = 2\J \j fia A' (x)ó(x) is zero everywhere provided 
that A(x) satisfies the boundary condition A'(0) = 0. Thus the Eqs. (|60p now turn to 

A" = - 2 -a6{x), A> 2 = ± (61) 

This gives us the solution A{x) = —\x\/L, where L = 3/a is AdS§ radius since asymptotically this 
solution describes an AdS§ space. 

Let us now verify our previous assumption concerning the cosmological Constant on the bulk. 
Our non-BPS solution itself cannot produce such a Constant. However, this is expected to come 
from the fluctuations of the scalar fields (j) and x- Recali that we have assumed such fluctuations 
5<j) = rj(x,y) = T, n £n{y)4>n{x) and Sx = C(x,y) = T, n T n(.y)^n(x)- 

The equations ()59p can give us an answer about the effect of such scalar fluctuations on the 
metric by considering the following: A(x) — > A(x,y) = A(x) + 5A(x,y), where 5A(x,y) will 
correspond to our first order correction on the metric. 

Now making a functional variation of A" in Eqs. (|59p . we find 

(SA)" = -^V - ^x'Sx' ~x'd x ax,y) -+ ~J^aS(x)d x C(x,y), (62) 
where we have used 5 A" = (SA)" and óx' = (òx)' = d x C(x, y). Recali that for the non-BPS domain 

to find 



wall solution = and (j)' = 0, and in the thin wall limit x' — 2y u a à( x )- One can easily integrate 



5A(x,y) = -i^aC'{0,y)\x\ = -k ('(0,y)\x\. (63) 

The fluctuations of the gravitational field around the fiat space can be now addressed by using 
the metric in the form 35J 



ds 2 = e~ 2km + h iiV (y)\dx il dx v - dX 2 , dX 2 = ('(0, y) 2 dx 2 , (64) 

where £'(Q,y) = d x ((x,y)\ x= Q. Note that ('(0,y) = ^2 n a n T n (y) can be viewed as a summation on 
'moduli fields" r n (y) with a n = ^(0). They are stabilized at their vacuum expectation value t* 
361 ] . As we have shown, there is a configuration of vacuum as follows: £g ~ 5.6621, £i = 0,£| — 
3.6864, r * = 0,-rf ~ -5.2661. Finally from Eqs. jES]), we also find (SA)' 2 = ^ajrf = 1/L 2 , 



15 



with L ~ 1/cj, that ensures asymptotically the existence of a 5d negative cosmological Constant 
A = -3/L 2 . 

As we have earlier discusseci, the action (|48p comes from ()56p . in the 5d fiat space limit, inte- 
grated out in the fifth dimension x. It can also be written as 

N 



n J 



n=0 
N 



1 



n=0 



1 



(3)n 



^n^n " K(£n) 



(65) 



where gj$ = rj uu . In the fiat space limit, the curvature terni does not contribute. 

However, as we early observed, in order to take into account the effects of the fluctuations of the 
scalar fields 4> an d X-> one must work with the fluctuations of the metric too, as stated in ([6j 
Thus, the effective action now reads 

N 



Seff = W Pl [ éy^\R + Y, [ d\^\ 

J n=0 J 



1 



T(3) n ~ -d a Ìnd a Ìn ~ V n (£ n 



(66) 



where gffi = 5^(0,y) = r/ UL , + h^(y) and the curvature term is now made out of the metric gffi 
351 ] . The extension of the multi-tachyon part into a DBI-like form as in (|49p is straightforward: 

TV 

S *ff = Y2 I A^W? - fi [ ^ \[\9^\Vn{T n )^l + d u T n WF n , (67) 
where k 2 = This action is the start point of the multi-tachyon cosmology settings. 



VI. CONCLUSIONS 



We have shown that the non-BPS sector of a five-dimensional supergravity theory can give us 
an effective theory on a non-BPS domain wall with many tachyon fields living in its worldvolume. 
We found that in the thin wall limit the action is equivalent to the action of N non-BPS parallel 
D3-branes in a fiat five-dimensional bulk. The tachyon potentials can be sufficiently fiat for large 
tachyon masses. One of the main attempting considered here is to look for suitable inflaton 
potentials in superstring settings by searching for tachyon potentials in the non-BPS sector of a 
supergravity theory that is known to be the low energy limit of superstrings. Other attempting 



44 



461 ] . We considered a supergravity theory 



considering brane inflation have also been considered 
with a scalar potential developing a Z2 x Z2 symmetry. This produces a non-BPS domain wall 
that can be interpreted as N non-coincident non-BPS D3-branes. As a future perspective one could 
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also consider scalar potentials with, for instance, Z% symmetry in the supergravity bosonic sector 
to account for tachyon fields in intersecting D3-branes system, where tachyon fields may interact 
and inflaton potentials even more realistic may appear. 

Acknowledgments. We would like to thank CNPq, CAPES, and PNPD/PROCAD - CAPES 
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